The heterogeneity of these estimates is also partially explained by how exposure to medicines is measured and polypharmacy is defined. Medicines exposure has been variously estimated on the basis of dispensing claims, prescribing data, medicine chart review, and self-report by patients; further, some authors measure pill burden (the number of pharmaceutical preparations taken), others the total number of unique medicinal substances. 11 There is no universally accepted definition of polypharmacy; current working definitions include four or more daily medicines (applied by the WHO) 6 and five or more concurrent medicines, ten or more medicines ("hyperpolypharmacy") or 15 or more medicines ("extreme hyperpolypharmacy"), as well as qualitative definitions such as "more medicines than necessary". 12 We estimated the extent of polypharmacy in a nationally representative sample of older Australians (70 years of age and older) on the basis of dispensing claims data for prescribed medicines. We applied several definitions of polypharmacy to determine the extent of polypharmacy among older Australians during the period 2006-2017.
Methods

Setting and data source
In Australia, prescribed medicines included in the Pharmaceutical Benefits Scheme (PBS) are publicly subsidised for Australian citizens and permanent residents. We analysed a 10% random sample of de-identified dispensing data for PBS�eligible people. This standard dataset extract, provided by the Australian Department of Human Services for analytic purposes, includes data for all PBS-listed medicines dispensed in Australia.
13 PBS dispensing records in the data extract for people aged 70 years or more from the period 1 January 2006 -31 December 2017 were included in our analysis.
The PBS subsidises PBS-listed medicines when their price exceeds a co-payment threshold. PBS concessional beneficiaries (people with a health care card or receiving government welfare benefits, including low income, old age, sickness, unemployment, single parent, or disability support) pay a lower co-payment than other PBS-eligible people (general beneficiaries). 13 The prices of many common medicines are below the general co-payment threshold, but all are above the concessional co-payment threshold. Since July 2012, all PBS-listed medicines have been captured in the PBS dataset, regardless of price; prior to July 2012, only medicines above the co-payment threshold were recorded, and ascertainment of PBS-subsidised medicines was complete only for concessional beneficiaries. Further, the PBS dataset does not include medicines purchased without a prescription, such as over-the-counter and complementary medicines, or medicines dispensed on private prescriptions.
Medicines of interest
We examined medicines according to the Anatomic Therapeutic Chemical (ATC) classification system at the fifth level; that is, by chemical substance, not preparation. We included all dispensed items recorded in the PBS collection except topical and nontherapeutic agents (such as plasters and creams) and medicines in ATC classification V (Various).
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Measurement of polypharmacy
We estimated continuous polypharmacy by counting the number of unique medicines dispensed during both of two time periods, 1 April -30 June and 1 October -31 December, in each calendar year; 15 we separately counted each active ingredient in combination preparations. This measure of polypharmacy captures prescription medicines taken on a regular basis. We chose the specified exposure periods to avoid underestimating medicine exposure because people who reach the PBS "safety net" stockpile medicines at the end of the calendar year (once the total amount paid for medicines by an individual or family reaches a threshold level, further medicines can be acquired with reduced or [for concessional beneficiaries] without co-payments).
13 Our primary outcome was the prevalence of continuous polypharmacy of five or more unique medicines; as secondary outcomes, we report continuous polypharmacy of ten or more and 15 or more unique medicines.
Population prevalence of polypharmacy, 2017
We calculated the prevalence of polypharmacy in 2017, both overall and stratified by age and sex, using the mid-calendar year estimated Australian residential population (Australian Bureau of Statistics
16
). As the dispensing data were derived from a 10% sample of all PBS beneficiaries (general and concessional), we multiplied counts by 10 to estimate the numbers of people affected by polypharmacy.
Prevalence of polypharmacy among concessional beneficiaries, 2006-2017
We calculated the annual prevalence of polypharmacy (five or more unique medicines) among PBS concessional beneficiaries for each entire calendar year.
Alternative measures of polypharmacy: cumulative polypharmacy and pill burden
We also estimated polypharmacy according to two alternative measures. We calculated cumulative polypharmacy, 15 or the number of unique medicines dispensed during a single time period (1 April -30 June) in a calendar year. The continuous polypharmacy approach is more conservative than the cumulative polypharmacy method; in addition to regular medicines, cumulative polypharmacy captures short courses of treatment and intermittently dispensed medications, and therefore provides an upper limit estimate of the prevalence of polypharmacy. Second, we calculated polypharmacy according to pill burden, based on the number of unique preparations dispensed; that is, combination therapies were counted as single entities. We included all oral and non-oral formulations in the pill burden analyses. 
Ethics and data access approval
Results
Population prevalence of continuous polypharmacy, 2017
Extrapolating data from the PBS sample (Supporting Information, table 1) to the Australian population, we estimated that continuous polypharmacy (five or more unique medicines) affected 935 240 older Australians (prevalence, 36.1%) in 2017. Rates of polypharmacy were higher for women than men (36.6% v 35.4%) and were highest among those aged 80-84 years (43.9%) or 85-89 years (46.0%). The prevalence of continuous polypharmacy with 10 or more unique medicines among older Australians was 5.9%, and with 15 or more medicines, 0.7% (Box 1). 
Prevalence of continuous polypharmacy among concessional beneficiaries, 2006-2017
Prevalence of cumulative polypharmacy, 2017
The proportion of older Australians (general and concessional beneficiaries) affected by cumulative polypharmacy with five or more unique medicines in 2017 was 52.7% (Supporting Information, table 1), corresponding to an estimated 1 366 590 people; this number is our upper estimate of polypharmacy among older Australians. Among concessional beneficiaries, annual estimates of the prevalence of cumulative polypharmacy were consistently higher than for continuous polypharmacy, but the changes over time were similar (Supporting Information, table 2 and figure 1).
Prevalence of polypharmacy according to pill burden
In 2017, 28.5% of older people regularly took five or more medical preparations concurrently, corresponding to an estimated 738 900 people. The estimated prevalence of polypharmacy based on pill burden was generally lower than that based on medicine burden (Supporting Information, table 3), but for PBS concessional beneficiaries aged 70 years or more it also increased during most of the study period (at a slower rate than medicine burden) before dipping in 2016. Estimates of polypharmacy based upon cumulative pill burden were consistently higher than those based upon continuous pill burden (Supporting Information, table 4 and figure 2).
Discussion
On the basis of our analysis of a nationally representative sample of PBS prescribing data, we estimate that about 935 000 Australians aged 70 years or more were using five or more medicines during both of two 3-month periods of 2017. While the prevalence of polypharmacy grew modestly during 2006-2017 (by 9%), the growth of the population aged 70 years or more meant that the number of people affected by polypharmacy increased by 52%. Medical practitioners are increasingly aware of the high risk of harm for older people associated with poly pharmacy, and the need for strategies for consolidating management of patients with chronic diseases and for deprescribing inappropriate medicines is recognised. The decline in polypharmacy at the end of our observation period may reflect a reduction in the total number of PBS-listed medicines dispensed, but PBS policy changes at this time 17 could also explain the apparent reduction in PBS-relevant dispensing; that is, people may have continued to use medicines after they were no longer subsidised by the PBS.
Large increases in the prevalence of polypharmacy have been reported overseas: for example, from 24% in 1992 to 39% in 2012 among people over 65 years of age in the United States 18 and from 11.4% in 1995 to 22.1% in 2010 in people over 70 in the United Kingdom. 7 We did not find such a large increase during 2006-2017, but the prevalence of polypharmacy in comparable years was much higher in Australia than in the US or UK, despite our conservative measure of continuous polypharmacy. The reasons for these differences are unclear, but our findings suggest that levels of medicine use in Australia are not only relatively high, but have been for some time.
Earlier estimates of polypharmacy in community settings in Australia were similar to ours, ranging between 36% and 43%. 10, 19 Conversely, our estimates were lower than Australian estimates for older people in hospitals (75%), 9 oncology outpatients (57%), 3 and residents of aged care facilities (91%), 8, 20 probably because people receiving care have medication needs greater than those of the general population. Medicine use by older people receiving community care services in Australia has doubled over the past 20 years. 21 This rapid increase may reflect the changing population of people who use these services as eligibility criteria for both community care services and residential aged care are modified.
Unlike other studies, we examined the prevalence of polypharmacy according to pill burden as well as the number of unique medicines. The increase in polypharmacy based on unique medicines over the past decade was more marked than for the estimate based on pill burden. The increased availability of combination products has probably contributed both to using more medicines and to lowering the pill burden. We recommend that future studies specify and distinguish between medicines use and pill burden, particularly as the difference between estimates of polypharmacy based on the two measures appears to be increasing.
Polypharmacy (both its prevalence and absolute numbers) steadily increased among older people in Australia from 2006 until 2015, then declined from 2016. An analysis of Medicare statistics 22 indicates that this change in PBS dispensing involved all PBS-listed medicines (data not shown), and it is likely that changes in PBS policies 17 influenced dispensing rather than changed actual medicine use. For example, popular low cost medicines (eg, paracetamol, aspirin, iron, folic acid) were delisted by the PBS, 23 and a new policy allowed pharmacists to opt to discount PBS co-payments by $1 at their own expense. An expanded "early supply rule" was introduced so that medicines dispensed within a specified interval would not count towards the safety net threshold or be eligible for the $1 discount. 24 The combination of these policy changes may have resulted in less dispensing throughout the year and fewer patients reaching the PBS safety net threshold.
Strengths and limitations
The strength of our study is that it was based on a nationally representative sample of PBS prescribing data for older Australians. It is the first to investigate patterns of polypharmacy across all older Australians rather than in specific subgroups. Analysing dispensing databases is an indirect, validated method for estimating medicines use.
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The data included in this study included only PBS-subsidised medicines and excluded medicines not requiring prescriptions, complementary and alternative medicines, and medicines dispensed on private or non-subsidised prescriptions. The continuous polypharmacy method may not capture medicines that were commenced or stopped between the two observation periods. Some regular medicines may not have been included in the continuous polypharmacy analysis, including infrequently dispensed medicines such as l-thyroxine, iron infusions, some anti-resorptive therapies, and vitamin B 12 injections. These exclusions mean that our estimates of polypharmacy will be conservative. But by reporting several polypharmacy measures, we have provided a benchmark for future research, applying two different methods to derive comparable estimates of the prevalence of polypharmacy (continuous and cumulative) that provide realistic upper and lower estimates of medicine use and pill burden.
We analysed a large dispensing dataset, but did not have data on patient-specific health parameters, including comorbid conditions and functional status. It was therefore not possible to assess whether individual medicine regimens were therapeutically appropriate. Similarly, we cannot ascertain whether changes in the prevalence of polypharmacy reflect improved treatment of comorbid conditions and reduced under-prescribing of indicated therapies.
Conclusion
The prevalence of polypharmacy among older Australians is relatively high, affecting almost one million people in 2017. We found that the proportion of older PBS concessionary beneficiaries affected has increased since 2006 by 9%, and the absolute number of people by 52%, despite a small reduction since 2014. Polypharmacy can be appropriate, but this needs to be balanced against the risk that it may contribute to adverse health outcomes in older people. Translational research into strategies for reducing medicine use and complexity that target both health professionals and the public is needed. These strategies need to be effective and sustainable, and should include multidisciplinary approaches and system-level interventions. 
Supporting Information
Additional Supporting Information is included with the online version of this article.
